Methods for detection and quantification of phenol have been developed primarily for use in environmental and industrial monitoring, given the widespread use of phenol as a disinfectant and antiseptic. Little information is available regarding concentrations of phenol in the blood of patients treated with phenol in regional nerve blocks (e.g., intrathecal) for temporary relief of pain or spasticity. We report a specific and sensitive method for quantifying phenol in plasma, using chemical derivatization and highresolution capillary column gas chromatography in conjunction with mass spectrometry. The assay we describe was developed to monitor plasma concentrations of phenol in children given motor point nerve blocks with dilute phenol. Phenol is of limited use in clinical treatment because of its toxic and caustic properties (1). However, very weak solutions (10-30 milL) can be found in topical preparations used to control microbial growth. Nonetheless, even with topical preparations, toxicity and death in hrnnans have resulted when large areas of the body surface were exposed to phenol (2). Recently, phenol has been used in strong (-500 mg/L) solutions for "face peels" by plastic surgeons. A phenol face peel restores a clean, youthful appearance by removing the fine wrinides of the epidermis and enhances the appearance of photoaged facial skin (3). Studies of the side effects of these face peels indicate that some form of cardiac arrhythmia was seen in 39% of the cases in which phenol solution was applied to the whole face over a short time (4, 5).
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Phenol is of limited use in clinical treatment because of its toxic and caustic properties (1). However, very weak solutions (10-30 milL) can be found in topical preparations used to control microbial growth. Nonetheless, even with topical preparations, toxicity and death in hrnnans have resulted when large areas of the body surface were exposed to phenol (2) . Recently, phenol has been used in strong (-500 mg/L) solutions for "face peels" by plastic surgeons. A phenol face peel restores a clean, youthful appearance by removing the fine wrinides of the epidermis and enhances the appearance of photoaged facial skin (3). Studies of the side effects of these face peels indicate that some form of cardiac arrhythmia was seen in 39% of the cases in which phenol solution was applied to the whole face over a short time (4, 5).
Phenol is also used in the management of spasticity (6), where neuromuscular junctions are damaged or disrupted (neurolysis), by the injection of a 50 mg/L phenol solution. Given the side effects reported for phenol, we wanted to determine concentrations of phenol in plasma during these motor point block procedures and measure concurrently cardiac irregularities (if any). In reviewing the literature, we were unable to find a simple, specific technique for quantifring phenol in human plasma (7-10). Methods for the analysis of more complex phenols were unacceptable because of the amount of background contamination in the areas of the chromatogram where phenol was eluted. We report here a specific and sensitive method for the quantification of phenol in plasma.
Materials and Methods Materials
All reagents used were HPLC grade. Before use, glassware was oven-baked and silanized with dimethyldichlorosilane, 100 milL, in toluene. We used helium as the carrier gas for all analyses.
Extraction
We obtained blood samples from subjects undergoing motor point block procedures.
Informed consent was obtained from each subject and the procedure was approved for human study by the Internal Review Board of The Children's Hospital. We obtained a control sample before the procedure was started and a series of samples at the end of each procedure.
Samples of blood were collected in heparin, and frozen at -20 #{176}C within minutes after acquisition until needed for analysis.
We thawed the frozen whole blood and centrifuged it to separate the plasma. A 500-pL aliquot of the plasma was added to 500 p.L of distilled water supplemented with 50 L of benzene containing a total of 5 pg of p-cresol as the internal standard.
(Because of hazardous material considerations, toluene may be substituted for benzene, here and in the derivatization procedure described below.) The mixture was vortex-mixed gently for 15 s. We added 3 mL of iso-octane/diethyl ether (80/20 by vol) and gently mixed the contents for 1 h in an orbital shaker. Two milliliters of the organic solvent layer was removed and placed in a clean test tube.
Derivatizatlon
We derivatized samples by a modification of the method of Clime et al. (7) . A 100-,zL aliquot of 1 molIL triethylainine in benzene was added to the extracted phenol as a catalyst for the derivatization procedure. To this mixture we added 20 pL of HEPTA, vortex-mixed for 15s, and incubated at room temperature for 30 mm. The mixture was washed with 2 mL of a 1 molfL phosphate buffer, pH 6.0, and the organic solvent was placed in a tube containing -200 mg of anhydrous sodium sulfate to remove any residual water. A 500-pL aliquot of the solvent containing derivatized phenol was transferred to crimped-top vials that were compatible with the HP autosampler.
Standards
We added the internal standard to a 500-zL aliquot of human pooled plasma not containing phenol. Phenol diluted in iso-octane/diethyl ether (80/20 by vol) was added to test tubes containing the plasma and internal standard to create a standard curve containing 1,2.5,5, 10, and 25 pg of phenol per milliliter of plasma. The supplemented samples used for the standard curve were extracted in the same fashion as the patients' samples.
Gas Chromatography
The gas chromatograph had an oven starting temperature of 50#{176}C; the injection port and transfer line were set at 250 #{176}C. The injected sample was equilibrated for 2 mm, then ramped to 300#{176}C at 50 #{176}C/min and held at 300#{176}C for 3 mm. We "baked out" each sample at 300#{176}C to remove residual contamination before the next injection. We made three 2-pL injections for every sample, with acetomtrile washes between injections.
Mass Spectrometry
Before analyzing the unknown samples, we obtained the complete mass spectra of derivatized phenol and p-cresol. The base peak (most intense) in these mass spectra was mlz 69, which is derived from the heptafluorobutyric moiety. A unique, abundant, high-mass ion was identified in the mass spectra of each compound. The ions that gave the strongest and most consistent signal were the molecular ions (M) of the derivatized phenol (miz 290) and p-cresol (m/z 304). A single-ion monitoring program for each of these selected ions was used in the quantitative analysis of the standard curve and the patients' samples. Therefore, the relative abundance of phenol in the samples could be compared with the known amount of internal standard (p-cresol) added to each sample.
Results
Peak areas and height were sorted automatically by retention time for each sample. The peak-area ratio for phenollp-cresol for each standard was plotted against the known concentration of phenol to construct a callbration curve (Figure 1 ). Phenol concentrations for the patients' samples were calculated from the area ratio for phenollp-cresol by fitting the unknown points to the calibration regression curve.
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